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SUBSTRATE PROCESSING APPARATUS AND SUBSTRATE PROCESSING 

METHOD 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates to a substrate processing 
apparatus and a substrate processing method, and more 
particularly, to a substrate processing technique for 
subjecting a substrate to be processed to a desired processing 
utilizing thermochemical reaction, and still more 
particularly, to a transfer technique of a substrate to be 
processed using a susceptor. The present invention is 
effectively utilized for a substrate processing technique for 
forming an oxide film or a metal film on a semiconductor wafer 
(wafer, hereinafter) in a producing step of a semiconductor 
device. 

2. Description of the Related Art 

In the producing method of the semiconductor device, 
to form the oxide film or metal film on the wafer, a single 
wafer-fed (single wafer by single wafer type) cold wall type 
CVD apparatus (single wafer-fed CVD apparatus, hereinafter) 
is used In some cases. A conventional single wafer-fed CVD 
apparatus of this type comprises a processing chamber for 
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accommodating wafers as substrates to be processed, a 
susceptor for holding the wafers one by one in the processing 
chamber, a heating unit for heating the wafer held by the 
susceptor, a gas head for supplying processing gas to the wafer 
held by the susceptor, and an exhaust port for evacuating the 
processing chamber . 

In the single wafer-fed CVD apparatus. In order to 
control film thickness and film quality of a CVD film to be 
formed on the wafer uniformly over the entire film, Japanese 
Patent No. 2966025 and Japanese Patent Application Laid-open 
No. 9-7955 for example propose a single wafer-fed CVD apparatus 
for controlling a temperature distribution of a wafer 
uniformly over the entire wafer, and for bringing processing 
gas into contact with the wafer uniformly over the entire wafer 
by rotating a susceptor holding the wafer. 

In the single wafer-fed CVD apparatus proposed in the 
above publications, however, since the wafer can not be 
floated up from the susceptor. It is necessary to absorb and 
hold an upper surface of the wafer by a vacuum absorption and 
holding apparatus or a static absorption and holding apparatus 
to transfer the wafer into and from the susceptor from above, 
and there Is a problem that this complicates a structure of 
a wafer transfer apparatus for transferring the wafer to and 
from the susceptor, and an application range of the CVD 
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apparatus is limited due to properties of tHe vacuum 
absorption and holding apparatus or the static absorption and 
holding apparatus . 



SUMMARY OF THE INVENTION 
It is an object ofN^he present invention to provide a 
substrate processing tec'^nique capable of rotating a 
suBceptor and capable of \ mechanically transferring 
substrate to be processed to \and from the susceptor . 




According to a first aspeddt of the present invention, 
:here is provided a substratye processing apparatus, 
comprising z 

a processing chamber; 

a susceptor on which a substra^ to be processed is to 
be placed; and . 

a heating unit disposed below the susceptor for heating 
the substrate to be processed placed on th^susceptor . wherein 

the susceptor and the heating unit are accommodated in 
the processing chamber. 

in a state in which the susceptor and the heating unit 
are relatively rotated, the substrate to be\ processed is 
processed, 

at least the susceptor is lifted and loweVed in the 
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processing chamber « and 

a subst^rate to be processed lifting and lowering 
apparatus f or \lif ting and lowering the substrate to .be 
processed with r\spect to at least a portion of the susceptor 
is disposed in tl^ processing chamber, 

According toVhe above-described substrate processing 
apparatus, when the ^ubstrate to be processed is transferred 
to and from the susceptor, a space (vacant space) can be formed 
below the substrate to\be processed by lifting and lowering 
the substrate to be procAssed by the substrate to be processed 
lifting and lowering apparatus • Therefore, a tweezer of a 
mechanical type substrate transfer apparatus can be inserted 
into the space. That is, bV inserting the tweezer into the 
space below the substrate to\be processed, the substrate to 
be processed can be mechanically supported by the tweezer from 
below and thus, the substrat^e to be processed can be 
transferred by the raechanicalX type substrate transfer 
apparatus. That is, it is unnecessary to use a vacuum 
absorption and holding apparatus olr a static absorption and 
holding apparatus having a complicated structure for 
transferring the substrate to be processed- 



According to a second aspect of th^present invention, 
there is provided a substrate processing apparatus. 
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comprising: 

a siMceptor disposed in a processing cliainber and on 
which a substrate to be processed is to be placed, and 

a heatVng unit disposed below the susceptor in the 
processing chLnber for heating the substrate to be processed 
placed on the ausceptor, wherein 

an upper ^urface of a peripheral portion of the 
susceptor and an ui^er surface of the substrate to be processed 
placed on the susceptor are flush with each other. 

According to a -Dhird aspect of the present invention, 
there is provided a sNabstrate processing method using a 
substrate processing apparatus, comprising: 

a processing chamber; 

a susceptor on which k substrate to be processed is to 
be placed; and \ 

a heating unit disposed bislow the susceptor for heating 
the substrate to be processed plated on the susceptor, wherein 

the susceptor and the heating unit are accommodated in 
the processing chamber, \ 

in a state in which the susceptor and the heating unit 
are relatively rotated, the substraVe to be processed is 
processed, \ 

at least the susceptor is lifteA and lowered in the 
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processing chancer, and 

a substra^ to be processed lifting and lowering 
apparatus for lifting and lowering the substrate to be 
processed with respec\to at least a portion of the susceptor 
is disposed in the procsd^sing chamber, comprising the steps 
oft 

^vr\ transferring the subVtrate to be processed from the 

susceptor to the substrate \to be processed lifting and 
lowering apparatus when the st^oeptor is lowered, and 

processing the substrate \o be processed when the 
susceptor Is lifted in a state In wi^ch the substrate to be 
processed is placed by' the susceptor\ 

According to the substrate processing method according 
to the third aspect of the present invention, when the 
substrate to be processed is processed, the susceptor is 
rotated to rotate the substrate to be processed, so that a 
temperature distribution on the substrate to be processed 
heated by the heating unit becomes uniform over the entire 
substrate to be processed, and the substrate to be processed 
is brought into contact with the atmosphere in the processing 
chamber uniformly over the entire substrate to be processed. 
As a result, the substrate to be processed is processed 
uniformly over the entire substrate to be processed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The above and further objects, features and advantages 
of the present Invention will become more apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings, wherein: 

Fig.l is a front sectional view showing a wafer 
transferring in-out step using a single wafer-fed CVD apparatus 
according to a first aspect of the present invention; 

Fig. 2 is a perspective view showing a principal part of 
the single wafer-fed CVD apparatus shown in Flg^l; 

Fig. 3 is a front sectional view showing a processing step 
using the single wafer- fed CVD apparatus shown in Fig.l; 

Fig. 4 is a perspective view showing a principal part of 
the single wafer- fed CVD apparatus shown in Fig. 3; 

Fig. 5 is a front sectional view showing a wafer 
transferring in-out step using a single wafer-fed CVD apparatus 
according to a second aspect of the present invention; 

Fig. 6 is a perspective view showing a principal part of 
the single wafer- fed CVD apparatus shown in Fig. 5; 

Fig. 7 is a front view, partly in section, showing a 
processing step using the single wafer- fed CVD apparatus shown 
in Fig. 5; 

Fig. 8 is a perspective view showing a principal part of 
the single wafer-fed CVD apparatus shown in Fig. 7; 
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Fig.9A, 9B are front sectional views for explaining 
operation of a wafer lifting and lowering apparatus, Fig-9A 
shows when a wafer is floated up and Fig.9B shows when the wafer 
is placed; 

Fig. 10 is a front view, partly in section, showing one 
embodiment of a rotation driving apparatus for fixing a support 
shaft and for rotating a rotating shaft; 

Fig.li is a front sectional view showing a wafer 
transferring in-out step using a single wafer-fed CVD apparatus 
according to a third aspect of the present Invention; 

Fig. 12 is a perspective view showing a principal part 
of the single wafer- fed CVD apparatus shown in Fig. 11; 

Figil3 is a front view, partly in section, showing a 
processing step using the single wafer-fed CVD apparatus shown 
in Fig. 11; 

Fig. 14 is a perspective view showing a principal part 
of the single wafer-fed CVD apparatus shown in Fig. 13; 

Fig.l5A-15C are front sectional views for explaining 
heater operation. Fig. ISA shows heating operation during 
processing, Fig.lSB shows heating operation during carrying 
in and out, and Fig.lSC shows heating operation during carrying, 
in and out in a comparison example; 

Fig. 16 is a front sectional view showing a wafer 
transferring in-out step using a single wafer-fed CVD apparatus 
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according to a fourth aspect of the present Invention; and 
Fig. 17 is a front view, partly in section, showing a 
processing step using the single wafer-fed CVD apparatus shown 
in Fig. 16. 

DESCRIPTION dr THE PREFERRED EMBODIMENTS 
A substra^ processing apparatus according to are 
Cj^^' embodiment of theWese/nt invention will be explained with 
reference to the drawings below. 

As shown in Figs . 1 and 2. the substrate processing 
apparatus of the invention is formed as a single wafer-fed 
CVD apparatus (single wafer- fed cold wall type CVD apparatus) . 
The substrate processing apparatus comprises a chamber 12 in 
which a processing chamber 11 for processing wafers 1 
(semiconductor wafers) 1 as substrates to be processed is 
formed. The chamber 12 is formed into a cylindrical shape 
comprising a lower cap 13, an upper cap 14 and a bottom cap 
15 combined together. Both upper and lower end surfaces of 
the chamber 12 are closed. 

A wafer carry in-out port 16 is transversely formed in 
a central portion of a cylindrical wall of the lower cap 13 
of the chamber 12 in the horizontal direction. The wafer 
carry in-out port 16 is opened and closed by a gate valve 17. 
A mechanical wafer transfer transfers the wafer 1 into and 
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from the processing chamber 11 through the wafer carry In- out 
port 16. That is. as shown in Fig.l. the wafer 1 is 
mechanically supported from below by a tweezer 2 of a 
mechanical wafer transfer apparatus and in this state, the 
wafer 1 is transferred into and from the processing chamber 
11 through the wafer carry in-out port 16. 

An exhaust port 18 is formed in a wall surface of the 
lower cap 13 opposed to the wafer carry in-out port 16 at a 
position slightly higher than the wafer carry in-out port 16. 
A vacuum exhaust apparatus (not shown) comprising a vacuum 
pump or the like is fluidly connected to the exhaust port 18, 
and the exhaust port 18 Is In communication with the processing 
chamber 11- The exhaust port 18 is evacuated to a 
predetermined degree of vacuum by the vacuum exhaust 
apparatus . 

A gas head 20 for supplying processing gas is integrally 
incorporated into the upper cap 14 of the chamber 12. That 
Is, a plurality of gas Introducing ports 21 are formed in a 
ceiling wall of the upper cap 14. Gas supply apparatus (not 
shown) for introducing processing gas 3 (see Pig. 3) such as 
raw gas or purge gas is connected to the gas introducing ports 
21 through gas introducing tubes (not shown). A disc-like 
gas-blowout plate (plate, hereinafter) 22 is horizontally 
fitted and fixed between mating surfaces of the upper cap 14 
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and the lower cap 13 at a distance from the gas introducing 
ports 21. A plurality of gas-blowout ports {blowout ports, 
hereinafter) 23 are uniformly formed in the plate 22 over its 
entire surface so that the upper and lower portions can be 
brought into communication with each other. A gas reservoir 
24 is formed by an inner space defined by an inner surface 
of the upper cap 14 and an upper surface of the plate 22. The 
gas reservoir 24 disperses the processing gas introduced into 
the gas introducing ports 21 entirely uniformly and blows out 
the processing gas uniformly like shower. 

A insertion hole 25 Is formed in the center of the bottom 
cap 15 of the chamber 12. and a cylindrical support shaft 26 
18 inserted into the processing chamber 11 from below on a 
center line of the insertion hole 25- The support shaft 26 
is lifted and lowered by a lifting and lowering driving 
apparatus (not shown) using an air cylinder apparatus or the 
like. A nitrogen gas supply apparatus (not shown) for 
supplying nitrogen gas (see Fig. 3) as inert gas is connected 
to a cylindrical hollow portion of the support shaft 26. 

A heating unit 27 is concentrically disposed on an upper 
end of the support shaft ^6 and horizontally fixed thereto. 

nd the heating unit 27 is Af ted and lowered by the support 
kaft 26. That is, the heating unit 27 is provided with a 
doughnut-like flat-plate shaped^^pport plate 28 . and an inner 
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^^^mirror- 



peripheral pi^rtion of the support plate 28 Is fixed to an upper 
end opening V,£ the support shaft 26. A plurality of 
electrodes 29 sWving also as columns vertically stand on an 
upper surface of\he support plate 2 8 at a plurality of inner 
peripheral locati^s and outer peripheral locations of the 
support plate 28 . theater 30 bridges over and fixed between 
upper ends of the ei^ctrodes 29. The heater 30 entirely 
uniformly heats the wa^r 1 held by a susceptor 40 (which will 

be described later) . 

A reflection plateNsi on which a titanium thin film is 
finished is horizontally supported by columns 32 
nding on the support pla^e 28 below the heater 30 of the 
heating unit 27. The rejection plate 31 effectively 
reflects heat wave radiated )Lom the heater 30 vertically 
upward. A plurality of therlcouples 33 as temperature 
sensors are disposed on the supp\rt plate 28 at appropriate 
distances from each other such as t\ pro ject above the heater 
30. The thermocouples 33 measure aVemcerature of the wafer 
1 heated by the heater 30. Electric wVres (not shown) of the 
heater 30 and the thermocouples 33 are connected to an external 
power supply or a controller through an owning of the support 
plate 28 and a hollow portion of the supi^^rt shaft 26 from 

the heating unit 27. 

A cylindrical rotation shaft 34 having a^rger diameter 
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than the support shaft 26 Is concentrically disposed outside 
of the support shaft 26 of the insertion hole 25 of the bottom 
cap 15. and is inserted into the processing chamber 11 from 
below. The rotation shaft 34 is lifted and lowered together 
with the support shaft 26 by the lifting and lowering driving 
apparatus using an air cylinder or the like. A rotation drum 
35 is concentrically disposed on an upper end of the rotation 
shaft 34 and horizontally fixed thereto, and is rotated by 
the rotation shaft 34. The rotation drum 35 comprises a 
doughnut -like flat-plate shaped rotation plate 36, and a 
cylindrical rotation cylinder 37. An inner peripheral 
portion of the rotation plate 36 is fixed to an upper end 
opening of the cylindrical rotation shaft 34. and a rotation 
cylinder 37 is concentrically fixed to an outer peripheral 
portion of the rotation plate 36. 

AS shown in Figs. 2 and 4 in detail, the susceptor 40 
16 put on an upper end of the rotation cylinder 37 of the 
rotation drum 35 such as to occlude the upper end opening of 
the rotation cylinder 37. The susceptor 40 comprises a 
disc-like central member 41. a ring-like first peripheral 
member 42 and second peripheral member 43. and these members 
are concentrically disposed such as to form one disc. Steps 
formed on adjacent outer peripheral side and inner peripheral 
Side vertically engage each other such that the inner step 
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is supported by the outer step. 

The central member 41 Is made of silicon carbide or 
aluminum nitride, and an outer diameter of the central member 
41 is smaller than an outer diameter of the wafer 1. The first 
peripheral member 42 supporting the central member 41 at its 
outer Bide is made of silicon carbide or aluminum nitride, 
and an inner diameter of the first peripheral member 42 is 
equal to the outer diameter of the central member 41. and an 
outer diameter thereof is larger than the outer diameter of 
the wafer 1. The second peripheral member 43 supporting the 
first peripheral member 42 at its outer side is made of quartz . 
an inner diameter is equal to the outer diameter of the first 
peripheral member 42. and an outer diameter thereof Is 
slightly larger than the inner diameter of the rotation 
cylinder 37. 

upper surfaces of the first peripheral member 42 and 
the second peripheral member 43 are higher than an upper 
surface of the central member 41 by a height corresponding 
to the thickness of the wafer 1. That is, the upper surfaces 
of the first peripheral member 4 2 and the second peripheral 
member 43 are flush with the upper surface of the wafer 1 placed 
on the upper surface of the central member 41. The upper 
surfaces of the first peripheral member 42 and the second 
peripheral member 4 3 are radially formed with three guide 
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grooves 44 In the circumferential direction. Engaging 
members 53 of a wafer lifting and lowering apparatus 50 (which 
will be described later) can slidably Inserted into the guide 
grooves 44, respectively. 

The second peripheral member 43 is formed with a 
plurality of nitrogen gas blowout ports 45 in the 
circumferential direction at equal distances from one another 
such as to vertically pass through the second peripheral 
.ember 43. The nitrogen gas blowout ports 45 equally blow 
out the nitrogen gas 4 supplied into the rotation drum 35 
through the cylindrical hollow portion of the support shaft 
26 toward the susceptor 40 over the entire circumference. 

AS Shown in Figs . 2 and 4 in detail, the wafer lifting 
and lowering apparatus 50 is disposed on an outer aide of the 
rotation drum 35 for lifting and lowering the wafer 1 as a 
substrate to be processed with respect to the susceptor 40 
and the heating unit 27. That is, the wafer lifting and 
lowering apparatus 50 comprises a circular ring-llKe lifting 
and lowering ring 51, and the lifting and lowering ring 51 
IB concentrically disposed in the vicinity of an outer 
periphery of the rotation drum 35. Three columns 52 
vertically stand upward at equal distances from one another 
in the circumferential direction. The three columns 52 are 
disposed at such location that the columns 52 do not hinder 
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tn. . r Z o. tn. wa... tra.».er apparatus .n.e.te. 

Into the wafer carry in-out port 16. 

«■> the engaging members 53 are 
Prom the columns 52, the eng 

.„.»ontall, an. ra.lall, Pro.ecte. inwar.l,. .he engaging 
memher. S3 are aet.chahl, .Ittea Into the gui.e groove, « 
„c» above. The engaging members 53 are f«»e« at their tlP 
enas .1th thin engaging cla.. 5.. ana the engaging cXa.a S. 
can engage an outer peripheral lower surface of the wafer 1 
plecea on the central member 41 of the sueceptor 40 from below. 

,.„e abutting members 55 are alspos.d on a lower end 
e„.ace of the lifting ana lowering ring 51 In the 
oLcurnf erentlaX airectlon at egual aistances from on. anothe. . 
ena suspenaea vertically aownwara . Lower ena surfaces of the 

„ 55 ar. opposea to a ch.mb.r-sia. abutting 
abutting mambers 55 are opi/ 

,. • steD at a lower position 

portion 56 formea in a shape of a step at 

eurfac. of the lower cap 13 of the chamb.r 1.- The abutting 
member. 55 are flttea into guia.s 5, projectea from an outer 
periphery of the dotation cyima.r 3, -1th appropriate 
Clearances . thereby positioning the lifting ena lowering ring 
,1 With r.spect to the rotation a.um 35 In the circumf e..ntlal 
ai.ectlon, ana guiaing th. lifting ana lowering operation. 
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« explai-ih, the cpe«t.on ot «e .1.91. 
«a*e.-f e. CV» «para«. havin, tH. .bove-ae.c.i.e. structure. 
. „et^o. ... a CVD .11» accaia, to the one e™.o.i.ent 

of the present Invention will be explained. 

« Shown in rias.l and 2. when the wafer 1 1. transfrrea 
out. the rotation .r^ 3= .n. the he.tln, nnlt .7 are lower.. 
„ the lower ll-lt position hy the rotation shaft 34 ana th. 
,„„ort shaft 26. Then. th. ahnttin, ».»her. 5S of the wafer 

= „T,aT-al:us 50 abut against the 
lifting and lowering apparatus 

»«H <-vius the lifting and 
chamber-side abutting portion 56 and thus, the 

. ina 51 IS lifted «lth respect to the rotation drum 
lowering ring 51 is 

m is lifted, the three 
35 AS the lifting and lowering ring 51 is 

engaging members 53 fixed t6 the lifting and lowering ring 
SI support the wafer X from three directions to float up the 
wafer 1 from the suscoptor 40. 

If the wafer lifting ana lowering apparatus 50 floats 
up the wafer 1 from the upper surfao. of the suscoptor 40. 
sinoe an Insertion spaoe Is formed haXow the wafer 1. i.e.. 

*^r.^ nf the wafer 1 and the upper surface 
between the lower surface of the water 

Of the suscoptor 40. the twee.er . of th. wafer transfer 
apparatus 1. insert.a into the insertion space of the wafer 

column. « supportin, the three en,a,in. memh.rs S3 a, not 
interfere with the tweezer . of the wafer transfer apparatus 
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inserted Into the wafer carry In-out port 16. 

»s Shown in Fig. 2 . the twee.er 2 inserted heio. the wafer 
X „ lifted, and the tweezer 2 transfer, and receives the wafer 
1 The tweeter 2 which received the wafer i ..ovee the wafer 
carry in-out port » hacKward and transfers the wafer i out 

^ w n The wafer transfer apparatus 
from the processing chamber 11 . The water t 

Which transferred out the wafer 1 by the t.ee.er 2 transfer, 
the wafer X to a predetermined accommodating place (not shown, 
such as a vacant wafer cassette outside the processing chamber 

Thereafter, the wafer transfer apparatus receives 
enother wafer i on which a film is formed by the tweeser 2 
from a predetermined accommodating place ,not shown, such a. 
. „fer cassette, and transfers the wafer 1 from the wafer 
carry in-out port 16 to the processing chamber 11. A. — 
in Fig. 2. the twee.er 2 transfers the wafer 1 to a position 
.her. a center of the wafer 1 coincides with a center of the 

^x.^ 4-HT-#^fi enaaqlng members 53. If the 
susceptor 40 above the three engagi g 

^^•^ 1 -fco the predetermined 
tweezer 2 transferred the wafer 1 to the p 

position, the tweezer 2 is slightly lowered and transfers the 
wafer 1 to the three engaging memhers 53. At that ti.e. the 
thin engaging claws 54 on the tip ends of the three engaging 
„e»hers 53 slightly engage the outer periphery of the wafer 
1 from below to receive the wafer 1. 
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Th, t«ee.er 2 which transferred the »a«r 1 to the wafer 
lifting ano lowering apparatus 50 in this manner goes out from 
tne processing chamber 11 through the wafer carry in-out port 

le. When the t r . went out from the processing chamber 

11 the wafer carry in-out port 16 is closed by the gate valve 
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4« TPi« If the gate valve 17 is closed, the 
As shown in Fig. 3, xx ^xi© you^ 

.^^ iH'F-hftd bv the 
rotation drum 35 and the heating - 

rotation shaft 34 and the support shaft « with respect to 
th. processing chamber 11. I» the initial lifting stag, of 
the rotation drum 35, since the three abutting members 55 are 
placed on the chamber-sid. abutting portion 56. the wafer 
lifting and lowering apparatus 5. doe. not follow the upward 
movement of the rotation drum 35 end remains in its stoPPed 
atate. That is. a. the rotation drum 35 is lifted, the wafer 
1 supported by the wafer lifting end lowering apparatus 50 
is relatively lowered with respect to the s.sceptor 40. 

AS Shown in Fig.4. as the rotation drum 35 is lifted, 
if the wafer 1 is relatively lowered to a position of the 
susceptor 40. the three engaging members 53 are fitted into 
the guide grooves 44 formed on the upper surface of the 
rotation drum 35. and the wafer 1 supported below is placed 
on the susceptor 40. In a state in which the wafer 1 is placed 
on the susceptor 40. the upper surface of the first peripheral 
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„a,n.er 4a. tne UPP« s«r«ce of tne secona peripheral .e„..r 
43 .na tn. upper surfaces of the three engaging nember. 53 

are tluoh with each other. 

a. shown in Flg.3. after the three engaging member. 53 
are fitted into the guide groove. 44 formed in the upper 
surface of the rotation drum 35 . the wafer lifting and lowering 
apparatu. 50 i. lifted by the rotation drum 35. th. processing 

^v.^^ AS thev are lifted, tii^ 
chamber 11 is lifted together. As tney ar 

Ho^« 55 are separated from the chamber-side 
abutting members 55 are set^tu. 

abutting portion 56. 

The wafer 1 placed on th. susc.ptor 40 is heated by the 
heater 30. and a temperature of the heater 30 and a temperature 
Of the wafer 1 are measured by the thermocouple. 33 . » heating 
amount Of the heater 30 is f.edbacK controlled in accordance 
„ith the m.asured result of the thermocouple. 33. At that 
time. Since the thin engaging claw. 54 of the three engaging 
members 53 ar. in slight contact with th. outer periphery of 
the wafer 1. this does not affect the heating operation of 
the heater 30. and the temperature distribution of th. wafer 
X is entirely uniform irrespective of existence of the 
engaging members 53 . further, sine. th. out.rmost peripheral 
second peripheral member 43 is made of ,uartz . it i. possible 
to pr.v.nt the heat of th. wafer 1 from escaping outside. 

The rotation drum 36 and th. heating unit 27 lifts the 
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processing Chamber 11 by the rotation shaft 34 and the support 
Shaft 26. and stops lifting the processing chamber 11 at the 
height at which the upper surface of the wafer 1 approach the 
lower surface of the plate 22. 

The exhaust port 18 is evacuated by the vacuum exhaust 
apparatus, and the rotation drum 35 is rotated by the rotation 
Shaft 34. When the exhaust amount of the exhaust port 18 and 
the rotation of the rotation drum 35 are stabilized, the 
processing gas 3 is introduced into the gas introducing port. 
21. The nitrogen gas 4 is blown out from the nitrogen gas 

blowout ports 45 uniformly. 

The processing g.s 3 Introauced Into the g.= introauolng 
port. 21 *lo«s into the gas reservoir 24 by the .xh.usting 
force of the exhaust port 16 acting on the gas reservoir 24. 
ana disperse radially outward, and flows fro» the blowout 
port. 23 of the Plate 22 suhstantially uniformly, and the 
processing gas 3 hlown cut li,.e shower from the blowout ports 
23 is drawn into the exhaust port 18 and exhausted. 

At that time, since the wafer 1 on the susceptor 40 
supported by the rotation drum 35 is rotating, the processing 
gas 3 blown out like shower from the blowout ports 23 is brought 
into contact with the entire surface of the 1 uniformly. 
,-urther. since the upper .urface of the wafer 1 and the upper 
.urfac. Of the outer side su.ceptor 40 are flush with each 
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other, the flow of the processing gas 3 is prevented from being 
disturbed and is controlled uniformly. Here, since a film 
formation rate by the thermochemical reaction of the 
processing gas 3 depends on a contact amount of the processing 
gas 3 with respect to the wafer 1. if th^ processing gas 3 
IS in contact with the entire surface of the wafer 1 uniformly, 
the film thicxness distribution and the film quality 
distribution of the CVD film formed on the wafer 1 by the 
processing gas 3 becomes uniform over the entire surface of 
the wafer 1- 

Further, since the heating unit 27 is supported by the 
support shaft 26 and is not rotated, the temperature 
distribution of the wafer 1 which is heated by the heating 
unit 27 while being rotated by the rotation drum 35 is 
controlled uniformly in the circumferential direction. Here. 
Since the film formation rate by the thermochemical reaction 
largely depends on the temperature distribution, if the 
temperature of the wafer 1 is uniformly over the entire surface . 
the film thickness distribution and the film quality 
distribution Of the CVD film formed on the wafer 1 by the 
thermoc^hemical reaction is controlled uniformly over the 
entire surface of the wafer 1. 

The nitrogen gas A is blown out from the nitrogen gas 
blowout ports 45 and the rotation drum 35 is filled with the 
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n«r.,e„ ,ae 4. Tn.«.ore. tne pro=«s.„. 3 - Prevented 
..c. ..terlng the rotation aru„ 3S. Thua. « ia poaai.le to 
p„vent th. haatar 30 o. tna bating unit .ro- ..in, 
aaveraaxy eatario.ata. tha p.oc.saln, ,a. 3 w.ion antaraa 
tna rotation .ran 3.. an* to pravant th. proc.salna gaa 3 £ro» 
.avaraal, adh.rin, tn. r.^iaction Plata 31 or t« 
thamocoupla. 33 to .atarlorat. tha functlona tharao. . 

«han tba CVD film is forma, uniformly ov.r tha antlra 
.„.aca „. th. wafer 1 in the .hove-aeacrihad „.n„er ..a a 
praaatar-nlnaa procaaaing time ia alapaaa. a. aho»» in Flg.l. 
the rotation arum 35 ana th. heating unit 27 ar. loware. to 
th. transfer position hy tha rotation shaft 3. an. tha support 
Shaft « . on the way to th. transfer poaltion , since th. three 
ahuttlng »a„hara » of tha wafer lifting ana lowering 
epparatua S. .hut agalnat tha chan.har-sia. shutting portion 
5e. th. wafer lifting ana lowering apparatus SO floats up th. 

An ^ry the above - de scr Ibed 
wafer 1 from the susceptor 40 In the 

operation. 

Th.r.aft.r. hy r.p.ating the ahov.-aa.crihea 
operations, th. CVD films are formea on th. waf.rs 1 hy the 
.ingle wafar-fad CVD apparatus 10 on. by one. 

Aocording to the above ambodimant . th. following 
effects can be obtained. 

,1, By rotating th. susceptor 40 holding tha .afar 1. th. 
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procsina ga. 3 c.n be bxcu3.>t into contact with tha entire 
surface o. tne wafer 1 uniformiy. Therefore, it i. Po..i"e 
to control the film thicknee. distribntion and the film 
,uelity dlatribution of the CVB film formed on the wafer 1 

by the processing gas 3. 

, 2 , The sUBCeptor « holding the wafer 1 is rotated and the 
heating unit 27 i. stopped. Therefore, it ie possible to 
uniformly control, in the circumferential direction, the 
temperature distribution of the wafer 1 heated by the heating 
unit .7 while the wafer 1 is rotated by the susceptcr ,0. Thus . 
the film thioxness distribution and the film quality 
distribution of the CVD film formed on the wafer 1 by the 
thermochemical reaction can be controlled uniformly over the 

entire surface of the wafer 1- 

4*. on iB not rotated, the heater 
(3) Since the heating unit 27 xs not 

30 and the thermocouples 33 can be disposed in the heating 
unit 27. and electric wires for the heater 30 and the 
thermocouples 33 can easily be provided in the heating unit 
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-P^^ 1 He transferred to and from the susceptor 
(4) When the wafer 1 is transi6ti«« 

40 . the wafer lifting and lowering apparatus 50 lifts the wafer 
1 to form the insertion space between the lower surface of 
the wafer 1 and the lower surface of the susceptor 40. 
Therefore, the tweezer 2 can be inserted into the insertion 
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space and tnus. tlxe wafer 1 can be mechanically supported by 
the tweezer 2 from below, and the wafer 1 can be transferred 
by the mechanical wafer transfer apparatus . 
(5) ror ttte reason of the paragraph (4) . it is unnecessary 
to employ the\acuum absorption type wafer transfer apparatus 
using the vacu>,m absorption and holding apparatus or the 
static absorptii type wafer transfer apparatus using the 

1 icated 

static absorption knd holding .ppara,:u - 

structure a. th. wair transfer apparatus. Therefore. It la 
posslhla to largely \auoe the producing cost of the single 
wafer-fed CV» apparatuV Further, the application rang, of 
the invention ie not lln>l\ed. and the Invention can b. applied 
to general substrate prois^lng apparatuses such as normal 
CVD apparatuses. deco»pres.\on CVD apparatuses and plasna CVD 
apparatuses . Since a vacuu»\^.orptlon and holding apparatus 
including a non-contact type Vacuum absorption and holding 
- ^ Lparatus holds a «.f er by a preaVu re difference between upper 

I * the wafer\ the vacuum absorption and 

and lower surfaces of tne waretA »- 

holding apparatus can not be used a decompression chamber. 
Further, a the static absorption andVolding apparatus absorbs 
a wafer utilizing static electricitV the apparatus can not 
he used When there is a possibility of \lectro.tatic destroy, 
and a diselectrlf ying apparatus or anWistatlc apparatus 
is required, and a structure and man.gemVnt of the apparatus 
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become complicated. 

, e , The „.eL.«.ns an. Xo.er.n. apparatus SO e.apos.. 
„„t..da .h. .otaV arun, 35. the tHree e„,a,ln, .e»«r= S3 
.X...tX, .n.a,. ...V. pe..ph... o. t.. 1 « support 

x f f ^^4- inverted on heating 

the wafer 1 from below, \hor.fore. effect exerte 

t.e .eatln, u„.t ^"""'"^ 
N^,pp»ratus SO can .e suppres\a.. t.ue. t.e temperature 

Jvl \ .. 4..«iioA entirely 

alstributiou of the wafer I can o 

— i irfssoeotlve of existence 
„nlfor«lY over the entire wafer 1 Iri^c 

of the wafer lifting ana lowerin, appa>,tue SO. 
„, Since the secona peripheral .e.ber 43 located at 
outermost peripheral portion of the susceptor 40 is »aa. of 
,u.rt.. it is possible to prevent the heat of the wafer 1 from 
escapih, outei«. therefore, it is possible to control the 
temperature aistribotion uniformly over the entire wafer 1. 
. , , Since the upper surface of the outer peripheral portion 
the susceptor 40 ana the upper surf.ce of the wafer 1 on 

„t=r 40 are flush " ^' P"""" 

the susceptor 40 are 

prevent the flow of the processing ,as 3 from aieturbin,. 
therefore, the film thicXn.ss aistribution ana the fil- 

* CVD film formed on the wafer 1 

quality distribution of the CVD f iX™ 

r-nni-rolled uniformly 
by the thermochemlcal reaction can be controlle 

over the entire surface of the wafer 1 . 

The plurality of nitrogen .as blowout ports 45 are 
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tcmsi 1» th. =.c»nd peripheral member 43 of the outermost 
periphery Of the sosceptor 40 in the oircumferential direction 
at equal distances from one another, the nitrogen 9a. 4 is 
supplied to the rotation drum 35 supporting the susceptor 40 
« hlow out the nitrogen gas 4 from the nitrogen gas blowout 
port, 46. With this arrangement, it is possible to prevent 
the processing gas 3 from entering th. rotation drum 35 and 
thus. It IS possible to prevent the heater 30 of th. heating 
unit .7 from being adversely deteriorated by th. processing 
gas 3 Which entered the rotation drum 35. and to prevent th, 
processing gas 3 from adversely adhering the reflection plate 
31 or th. th.rmoco»ples 33 to deteriorat. the functions 
thereof . 

, 10 ) 10.en the wafer 1 Is transferred to and from th. susceptor 
40. the susceptor 40 and the heating unit 27 are llft.d and 
lowered while keeping a distance therebetween constant . With 
this arrangement. It is possible to maintain the heated state 
of the susceptor 40 constant end thus. th. stability of th. 
temperature can be enhanced. 

Although the abut\lng members 55 of the wafer lifting 
and lowering apparatus 5o\ut against th. sfP-UHe abutting 
V^ortion 56 formed on the sld\wall of th. lower cap 13 of the 
/chamber 12 In the above embodl\nt. the abutting member. 55 
may abut against a bottom surf aceVper surface of the bottom 
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cap 15) o£ thV procesBlns ottamber 11. 

He,t, a second embedment of the present invention will 
be explained »lth reference to Figs • 5 " l"- 

The «cond embodiment is different from the first 
embodiment mainl, in that the wafer lifting and lowering 
apparatus for lifting and lowering the wafer a. a substrate 
to be processed with respect to the susceptor and the heating 
unit is disposed inside the rotation drum. 

That is. as Shown in Figs.5 to 9B. a wafer lifting and 
lowering apparatus .0 disposed inside the rotation drum 
includes three push-up pins (fixedpinS. hereinafter, 61fixed 
„„ a bottom wall (upper surface of the bottom cap 15) 
v.rtic.11, upwardly, and the three fixed pin. .1 are disposed 
at location, where the pins .1 do not hinder the transferring 

,„„ 16. That is, the three fixed pins 61 are disposed at 
.ooations where the pins 61 do not interfere with the tw.e.er 
. Of the wafer transfer apparatus to be inserted into the wafer 

carry in-out port 16. 

« Shown in Figs. 9* and 9B in detail, each of the fixed 
pins 61 is formed into . thumbtack having a long pin portion 
6a and a flange 63, and a lower surface of the flange 63 abut, 
against the upper surface of the bottom cap 15 and the pin 
.i stands vertically upwardly. » seat plate 64 is fitted 

28 
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a„ out.. pexip...y Of pin portion «. .na t.e =eat 
Plot. .4 i. pxacea on an upper surfao. o. tha flan.a .3- » 
.,„,tn o. the Pin portion i» -et s„=h that th. X.n.tn 

i-n« wafer from the suBcaptor. 
corresponds to a push-up amount of th. water 

. .hiCness Of th. Pin portion « is sat such that the pin 
portion « can h. ins.rted into an insertion hoi. forme. 

th. rotation plate 36 of the rotation drum 3S and into an 
insertion hoi. 6. formed in a cesin, 37. of the h.atin, 



Th. thr.e insertion hoies , rotation-side insertion 
holes, hereinafter, formed in the rotation plate 36 of the 
rotation drum 3. are respectively opposed to the three fixed 
Pins 61 at locations where the rotation drum 3= is lifted and 
lowered. Th. three insertion hol.s (fixed insertion holes, 
hereinafter, 66 formed in th. oasin. 37. of the heatin. unit 
„ are respectively opposed to the three fi«d pins 61. That 
,s. at location, where the rotation drum 3= is lifted and 
lowered . the three fixed pins 61 are inserted through the thr.e 
rotation- sid. ins.rtion hol.s 65 and the thr.e fixed insertion 

holes 66, respectively. 

Three guid. hol.s ^ are formed in th. support plate 

.a Of the heatin. unit 2.\on as to he opposed to the fixed 
,>Vns.rtion hole. 66. respe\tively . Pin. .-vahl. pins, 
^^hereinafter, 6, for pushing u\the wafer from th. susceptor 
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„e vert.c.lly .li^.tlv ""eO into 

t.. n.o,a.l. Pin\. > l.r..-.i=».ter portion ona 

. ,„.IX-ai«.etor po.\on ana .or.ea into a rouna roa snap- 
ana a lower ena o. tne ^.e-aia»eter portion is for..a .it. 
. .ian.e ,0. .ne «an,.\ is opposea to a notto„ sur.aca 
. .„pport noie .7 .orA in an upper ena o. t.e .i«a 

•1 Art lame ter portion of the upper 
insertion hole 66. The small -N^lameter p 

r^^r. 69 is foVmed with a push-up p«^tion 
end of the movable pin 69 is roi^ 

« 71 nass through the reflection plate 
71. The push-up portion 71 pass tni^ h 

31, the heater 30 and the suscepto\40. 

That is, at three locations respectively opposed to the 

. *Q «r the reflection plate 31. the heater 
three movable pins 69 at the retj-e^ 

30 ana t.e .o.ceptor 40, insertion noles 7. a„a 74 are 

.or.ea SCO. that t.e pus.-up portions 7i oan .e insertea into 
... insertion hoies 7,. 7, ena 74. As s.own in Fig-S. tne 
.«ee insertion noles 74 .or^ea in the snsceptor 40 are 
,„eitio„ea at an outer peripheral portion o. the central 
„e..er 41 o« tne susceptor 40. ana tn. three insertion hole. 
„ aiaposea in the oircu„f erential airection are opposea to 

^ . fti Therefore, the insertion holes 7 4 
the three fixed pins 61, Thereror 

ao not interfere «ith the tweezer 2 o. the wafer transfer 
.pperatu. to he inserted into the wafer carry in-out port 16. 

„ext. h, explaining the operation of the single 
wefer-f ea CV» apparatus havin, the .hove-a..=rib,a structure. 
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, „ethoa .or torn.., . CV. .ii™ according to t.e one «.bc<.l.ent 
of «. preset invention will bo explained. 

.hown m Fig. 5 . .hen the -ef er 1 1. tran.f erred out . 
the rotation dru. 35 and tH. heating unit 27 are lowered 
to the lower ll»lt position the rotation aha« 34 and the 
support an.« «. tne three movable pine 6, o. t.e wafer 
lifting and lowering apparatus 60 reapectlvel, ahut against 

«e opposed fixed pine 61, end are lifted witn re..=. 

station dru. 35 and tn, heating unit .V. T.e lifted tnree 

» 4.1,. w.ter 1 from below and float up 
movable pine 69 support the wafer 1 

the wafer 1 from t»e susoeptor 40. 

„ Shown m .lg.«. the wafer lifting and lowering 
„peratus 60 floats up tne wafer 1 from the upper surface of 
.He susceptor 40. slno. en Insertion sp.oe Is formed below 
the wafer 1. I.e.. between the lower surface of the wafer 1 

,„d the upper surface of the susceptor 40. the t r . of 

the wafer transfer epparetus Is Inserted Into the Insertion 
.poce Of the wafer 1 from the wafer carry m-out port 16. « 

4« «o 6 three movable pins 69 do not 
that time, as shown in Fig. 6. 

„ ■> of the wafer transfer apparatus 
interfere with the tweezer 2 of the war 

inserted Into the water carry in-out port 16. 

„ Shown lnFlg.6, the tweeser 2 Inserted below the wafer 
1 1. lifted, and the twees.r = transfers and receive, the wafer 
1 The tweezer 2 which received the wafer 1 moves the wafer 
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...c. «a„s...re. out t.. wa.er . tKe t..e..r a «.„s.e„ 
«e .a«.r X to a p«.et,r..„e. accc»»o.atl.. p.ac. .not a.o„., 
.„eK cant ...or caaaetta outaiae t.e p.ooaas.n, cna>..« 

Tne.ea«.r. t.e »afa. transfer apparatu. reoe.vaa 

v^^r^H J* film is tormeu ujf 

another wafer 1 on which a film a 

^ T%Tace (not shown) such as 

from a predetermined accommodating place (n 

4.>**. wafer 1 from the wafer 
a wafer cassette, and transfers the wafer 

r^T-or>PssinQ chamber 11- The 
oarry in-o«t Port 16 to the processing 

„eerar . transfer, the wafer 1 to a position -.ere a canter 
cf t.. wafer 1 colncl.es wit. a center of the s„sceptor « 

a.„,e tne t.r.e »ov..Xe pin. » . Xf tne t r . transf err,. 

..a wafer 1 to t.e preeeter^lne. position, the t r ^ is 

all^Htl, lowerea an. transfers the wafer 1 to the three ..ovahle 

. >,4=™«+«r if the movable pins 69 
pins 69 are formed small in diameter, xf 

^ 4 4-1, ^-Vl^» lower surface of the 
are brought into slight contact with the lower 

J - 1-ftfAive the wafer 1- 
wafer 1. the movable pins 69 receive 

o oh transferred the wafer 1 to the wafer 
The tweezer 2 which transrerto 

60 m this manner goes out from 
lifting and lowering apparatus 60 in tnis 

. oh«mber 11 through the wafer carry in-out port 
the processing chamber ii » 

. 2 went out from the processing chamber 

16. When the tweezer 2 wenx out 
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11, th. wafer carry ln-c«t pert 1* i= clo.ea t.e 9a« valve 
17 . 

„ eho«. in FM.7, If the gate valve 17 is closed, the 
.otatlcn dr™ 3S and the heatlna unit 27 are lifted hy the 
rotation shaft 34 a„d the support shaft » with respect to 
th. proceeslns ch«.her 11. » the initial lifting stage of 
the rotation dru- 35. since the three »ovahle pin. 69 are 

^ vx-lncs ft9 ax's 

placed on the fixed p±ne 61. tne tnree 

gradually lowered relatively with respect to the rotation dru» 

3S as the rotation arun 35 1. lifted. 

AS Show, in yl,.9B. If the three movable pl.s 69 are 

separated fron the fixed pins 61. th. three movahl. plns 6, 

„e pulled into the Insertion holes 74 of the susceptor 40. 

and the movahle pins 69 supporting the wafer 1 from below pl.ce 

th. wafer 1 onto the susceptor 40. In a Stat. In which th. 

„afer 1 is moved onto th. susceptor 40. the three movable pins 
„ are pulled out downward from the Insertion holes 74 of the 
euscptor 40 and separated from the Insertion hole, 74. 
Further, as shown in Flg.e. the upper surface of th. waf.r 
1 the upper surface of th. first peripheral member 42 and 
the upper surface of the s.cond peripheral member 43 are flush 

with each other- 

Th. wafar 1 mov.d onto the susceptor 40 Is heated by 
th. heater 30. and a temperature of the heater 30 and a 
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33 . «.peratu« t.e neater 30 » ..e.^ecX 

con«oXX.. eccraence with ..e »eeeure. result o. the 

l.s 33 At that time, since the insertion hole, 
thermocouples 33. at: ^« 

fi<s are to be inaertea 
V. uir-^ the three movable pins 6 9 are xo 
7 4 through which tne Tznt^c 

„e onl. opene. sli,«l. at tne outer perlpn.r. o. the ,a.er 
, aoe. not a«.ct the heating operation o. the .eater 

30 , an. tne temperature .istrinutlo. o. tne „a,er 1 Is entirely 

^ -hhe HJiree insertion holes 
unif orn. irrespective of existence of the thre 

. vio 7 the rotation drum 35 and the heating 
AS shown in Fig. 7, tne roi-o 

X. v,^-,- 1 1 bv the rotation shaft 
unit 27 lifts the processing chamber 11 by th 

V, 96 and stops lifting the processing 
34 and the support shaft 26. and stop 

„..er X approacn tne lower surface o. tne plate 

,he e.naust port IB i. evacuate, nv tne vacun. exnau.t 

.pparatus. an. tne rotation .run 3S is rotate, n, tn. rotation 
3.. wnen tne .:*aust .»ount o. tne exnaust port 1, an. 

^ ™ -iq are stabilized, the 
- x-o-eation drum 35 are » i-" 

the rotation of the rotatxon 

^ into the gas introducing ports 
processing gas 3 is introduced into the g 

« 3 introduced into the gas introducing 
21 The processing gas 3 xntroauce 

p„t. 31 .low. into tne ,a. reservoir 3. nv tne e.naustin, 
„„. o. tne e,neu.t port la .ctm, on tne «as reservoir 3.. 
aa. .isperse ra.iall, oUtwar.. an. .lows «o. tne nlowout 
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,„.s .3 o. t.. Plate « s„««n..aix, un..or„ly. an. Mow. 
X..a =.o„e. tea., the «a.e. . . Tn. p.ocessin. 3 .Xo,n 

*• ^^r-i-o 2 3 is drawn into tlxe 
out li*a shower from tl.. blowout ports 

exhaust port 18 and exhausted. 

supported h, the rotation dru„ 3= la rotating, the proc.sln, 
,33 3 hlown out liKe shower .ro« the hlowout port. » 1. hrou.ht 
,.to contact with the entire surface or .... 
.urther. since the upper surface o. the wafer 1 and the upper 
surface of the outer side susceptor « are flush with each 
u.her. the flow of the processing .as 3 la prevented fro.heln, 
....urhed and Is controlled uniformly. Because the 
processing .as 3 Is 1„ contact with the entire surface of the 
„.fer 1 uniformly, the fll. thlcKness distribution and the 

* 4-*,^ pvn film formed on the wafer 
film quality distribution of the CVD film 

i„a aas 3 becomes uniform over the entire 
1 by the processing gas J dbo 

surface o£ the wafer 1. 

further, since tW. he.tlns unit 27 Is supported hy the 

support Shaft ^-A" """^ 

axstrlhutlon Of the ..fe\l w-ch Is heated hy the he.tlns 
„ while heln. rota\d hy the rotation dru. 35 Is 

n theVrcumferential direction. If 

controlled uniformly in the e^ircu 

* i-he wafer As uniformly over the entire 
the temperature of the wafer x » 

/1-8 ci- Atoution and the film quality 
surface . the film thickness dxstrf^tio 
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X .Ke CVD film formed on the wafer 1 by the 

..3tr...t.o. ow ^^^-^^ _ t.e 

„„„ .u..ace — 1 

rtine 69 are stoppea i^^a 
27 the movable pms o:^ « 

' ^ « «;i are fixed to tne 

-Fixed pins 61 are ^-i-^ 
27 Further, since the fixea p 
unit 27. . _ ^, stooped. 

^ -^nr.sBing tine is elapsea, tl>e rot 
predeterminea processing „„Hlna to a 

. n. 35 IS stopped at a phase corresponding 

..edetemlned transfer position. »e,t 

.otation dm. 3S and the .eating nn^ 
tn. transfer position »y the rotation sha« 

Onthe,a.tothetrana.erposition. sin« t^ ^ 

Pins e, o. th. wa..r Xi.ti.g and 

fit the wafer lirxiwy 

lowering apparatus .0 float, up the «.f er 

„ in the ahove-descrihed operation. ^ ^^^^^^ 

**.*r. bv repeating -the 
Thereafter, oy 
..orations, the CVO.ii»s are .or„ed on the wafers ih, the 

. ^ f«d CVD apparatus 10 one by one. 
single wafer-fed cvu ^ee 

. n the second embodiment , when the 
AS explained above, in the se 
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.af.r 1 1= tra „,£er 1 to form 

..„in, an, Xo„r.« appa„tu. » Xi«s 

lower surface of r.M 

^ tl.. lower aurfac. of the suso.ptor 40. 
' 1 .naerte, .to the ..aert.c. space an, t.« 

can .e .ec.aa.c..., s„PPort., the t.e...r . 
tue wafer 1 can u -iso. the wafer 

.„„.e.c«. ..at»..nt.eaecon,e„.oa..enta»o.^^ 

. can .e traa.ferr., to an, from the s„,c.p.» 

„ec.an.ca. -afer transfer ^„ „.ar 

^ ^ther by rotating the susceptor 4U 

, .an te trought Into contact with the 
1 the procesBlns gas 3 can he Bro 

, of the wafer 1 unifor.1,. Therefore, it is 
entire surface of the ...„ihutio„ an, the 

p„sihie to control the fii. thic.n... 
Li„ ,n.iit, ,istrihntion of the CVO f iX- 
1 hy th. processing gas 3 . 

,H. susceptor 40 hoi,ing th. wafer 

„ i. stoppe,. Therefore, it is possihie 
neatlng unit 27 is PP direction, the 

, in the circumferential airec 
unifor^xy control, m ^^^^^^^ 

. distribution of the wafer 1 heated oy 
temperature dxstrlbu „^,„tor 40 . Thus . 

«f Ar 1 IB rotated by the susceptor 40 
unit 27 While the wafer 1 IB ro ^^allty 

.>,^ckness distribution and the film 
the film thickness ^ 
. o€ the CVD film formed on the wa 

uniformly over the 

tHermochemical reaction can be controlled 
entire surface of the wafer 1- 



37 



1$3B23B 14:35 



MIYAMOTO iliSSOCIIilES 



P. 2/48 



37 IS not rotated, the heater 
Since the heating unit 27 is not 

1.. 33 can be disposed in the heating 
30 and the thermocouples 33 can t> 

, ^r-ic wires for the heater 30 and the 
unit 27, and electric wires 

can easily be provided in the heating unit 
thermocouples 33 can easily o 

, lifting and lowering apparatus 60 for 
Since the wafer lifting ana 

o-icie of the susceptuj. 
40 is disposed on the inner side of t 

.«nt the wafer lifting and lowering apparatus 
possible to prevent the war 

,^.lde the rotation drum 35 . and to prevent 
60 from projecting outside the ro 

. . 40 and the h..ti.9 »"» " «» 
40 , the .»so.ptor 40 ana t 

.h.X. K.ep.h. a ..stance th...hatw,en constant^ « 
.„.„.e„ent. .t poe,.hXe to -a.nta.n the he.te. at 

^ /I n,.,a the stability of the 
c£ the auaceptor 40 con.tant and thus, th 

temperature can be enhanced. 

«e«. one e„bodi»ent o. the rotation drivin. apparatus 
.e. .otatin, a rotation sha« whiie .i.in, a support sha« 
will be explained with reference to Flg.XO. 

rotation driving apparatus shown in .i,. 10 includes 
. hollow Shaft electric »otor ,.otor. hereinafter, * 

.haft 34 for rotating th. rotation dru. 3S. * hou.in. 
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an air cylinder apparatus or the 
of the motor 7 5 comprises an air cy 

..He. an. the .cus.n, 75a is stationariXy .Ispose. vertically 

„p„ar. on a„ eievator li«i„, an. ioveria. eta,e ,6. Only 

a portion o. the elevator li£tin. an. lo.,rin, .ta,e i. 

illustrate, in the «a„in,. The hou.in, ,=a ie li«e. an. 

lo-erea with re.p.ct to the ch.»h.r X. o. the .insX. wa..r-.e. 

CVD apparatus hy the elevator li.tina an. Xo.erin. .t.s,e ,6. 

, s«tor ,sh is *i... to an inner peripheraX surface o, the 

, an. an armature 75c ot the motor 75 is 

housing 7 5a, ana an 

concentrically .iapose. on inner si.e o. the stator ,5h with 
an air gap interpose, therehet.een . The armature ,5c iS 

The rotation shaft 

rotatably supported by the housing 75a. 

^ v.»4=<- -Ls fixed to the armature 
34 which is a hollow output shaft is fix 

34 rotates in unison with 
75C such that the rotation shaft 34 rotat 

4. ^-hafi- 26 is disposed on the 
the armature 75c. The support shaft 

^ -p-tMdd to the housing 

center line of the rotation shaft 34 and fixed 



75a. 



. hemetic seal 77 .or .Xui.Xy isolating the UoXXo. 
portion o. the support sha« i.e.. msi.e an. outsi.e o. 

K«r- 11 is mounted to a lower end opening 
the processing chamber 11 is mou 

Electric wires (not shown) of the 
of the support shaft 26. Electric 

1== -ili are pulled out from the 
heater 30 and the thermocouples 33 are p 

.ollow portion of the support shaft .6 through the hermetic 
seal 77. Bellows 78 for sealing the insertion hole 25 of the 
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...n..r 12 1. co„ceotric.ll, ai^oae. on t.e outer a.<.e o. 
... ro«tic„ 34. upper a„a lower e„ae o. t.e Wlows 

„ .re reepectl,e.y ..stene* « . lower ,ur«ce o. tne ^ot«. 
cap 15 Of the chan,..r 12 an., an upper aurface c. the flange 

of the rotation shaft 34. 

According to the rotation driving apparatua having the 
.hova structure, since the rotation sha« 3. can ^e rotated 

_ - . ^ 1 «.4--tnn «nit 27 is 

while fixing the support shaft 21.. xx - 

* ^ha^'i- 26 and the rotation drum 35 
supported by the support shaft 26 ana T:n 

a. • « «>,a€i: 34 it is possible to rotate 
is supported by the rotation shaft 34 . xr p 

.n ^ A the wafer 1 while the heating unit 
the Busceptor 40, i.e.. the waiej. 

27 is stopped. 

He«. a third embodiment of the present Invention ,111 

be explained with reference to flga.ll to 15C. 

The third embodiment Is different from the first 
embodiment mainly In that the wafer lifting and lowering 
.pparatus Is disposed inside the rotation drum, the -af.r 1. 
lifted and lowered through a central member of the auaceptor. 
and the heater is divided. 

That la. aa shown In rigs. 11 to 14. the wafer lifting 
and lowering apparatua 80 disposed inalda the rotation drum 
includes a circular lifting and lowering ring .1 . The lifting 
and lowering ring ei la dl.poaed on the rotation Plate 36 of 
the rotation drum 35 concentrically with the support ahaft 



40 



It 3S23B 14:36 



MnAMOTOimB 



P. 5/48 



„. » plurality of (thr... in thi. en>boain,ent ) push-up pin. 
,rotation-=iae Plns. hereinafter) S2 are vertically 
ao.n„.rdly pro^ecte. on a lower aurf.c. of the lifting and 
l„«erin. ring ,rotation-si«e ring, hereinafter, SI at e,«al 
distances fro» one another in the circumferential direction-. 
Movahl. Pins " are «.po.ea on the rotation plat. 36 
concentrically -ith the rotation ehaft 34 and slidahly fitted 

into vertically formed guide hole. .3 respectively . 

Lengtli. of the movahle pins 69 are set equally so as 

to push up t\rctation-.ide ring 81 horizontally, and the 

\.- f n fh. oushina-up amount of the wafer from 

lengths correspond to the pusning 

the susceptor. L^er ends of the mov.hle pins 69 are opposed 
\)\ to the bottom surface of the processing chamber 11. i.- . the 
^^/upper surface of th.\ttom cap IS such that the movable pins 
„ can be brought intXand out of contact with the bottom 

\ ^ T T ■! e the upper surface 

surface of the process IngN^hamber 11. I.e. , tne pp 

of the bottom cap 15. 

n-Ftino and lowering ring 
A circular second lifting 

(heater-side ring, hereinafter, 6. is disposed on the support 
Plate 2» Of the heating unit 21 concentrically with the support 
shaft 26. A plurality of (three, in the present embodiment, 
push-up pins ,heater-side Pins, hereinafter) .5 are disposed 
„„ a lower surface of the heater-side ring 84 at e,ual 
distances from one another in the circumferential direction. 

41 
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3„a «e PUS..UP P.n3 a.e pro,ec«n, v.r..ca.Xv «w»wara. 

.«t«-.iae P.ne al.pos.a on the support plate 2S 

co„c.nt..calX, w«n t.e support s>.a« « a„a sX.aa.l. ..ttea 

.„to tne ,u.a. hoi.. « — - ''-^-^ ""'="°- 
Length. « tne »..ter-s.ae p.ns .S are set e,uaX to eacn 
sucn a. to\. up the heater.s.ae r.ns a4 hori.ontaXl,. 
lower enas o. \heater.s.ae p.ns S. are oppoeea to an 

■i -4™ .Ida ring 81 "l*"* 
upper surface o£ the ro»>ation-siae ring 

ar ,as .nterposea ther\et.e,n . That 1. . when the rotation 
.r„» 3S .s rotatea, the h^ter-s^ae pin. ao not Interfere 
With the rotation- side rin^ai- 
,y)\ Plurality of ,tnree\ m the present e^hoalment, 

^Xlh-up Pin. .Pu.h-uP Po-V- " - 

^ !ertloall, upwaral. pro.eotln, fVc. an upper surface of the 

^^eAnces from one another in 
heater-siae ring 84 at equal ax.tjmce. fr 

.he circumferential airectlon. -pW ana. of the push-up 
portion. 8, pas. through the ref l.ctll pl-t. 31. heater 
30 ena the susceptor 40 ana are opposed to a lower surface 
of .he central ».»her 41 of the su.ceptor\o . I-ength. of the 
push-up portion. 8, are set equal to eachY^^ " " 

push up the central .e.her 41 horl.ontallyX m a state In 
Which the heater..iae ring 84 .It. on the .apWt Plate 18. 
.n upper ena of the heat.r-.iae ring 84 1. opposed to an upper 
.urfao. Of the central «e„her 41 with an approprl^e air gap 
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ther.«-t»B.a. That 1.. the push-«P portlcn. 8, do not 
l„t.rf\e »lth the susceptor 40 when the rotation arum 35 

rotates . 

I„ p\.13. for the eake of expediency of illustration, 
the upper eX of the pu.h-up portions 67 are located on the 
upper Side of\e heater 30. hut as shown with phantom line 
in ,ig. ISA, it i\.ref arable that the upper ends of the push-up 
portion. 87 are loi.ated helow the heater 30 and the r.f lection 
plete 31 in view oU.atin, effect of the he.tin, unit 27. 
That ia. if the pushV portions 87 are projecting above the 
heater 30 and the rafVection plate 31. there ia an adverse 
possibility that hot wi\s Of the heater 30 and th. reflection 

plate 31 are shielded • 

AS Shown i. Figs. 13* to 150, in th. present e»boaiment . 
the heater 30 of the heating unit 37 is divided into a central 
Heater member 30. corresponding to the central member 41 of 
th. auaceptor 40 and a peripheral heater member 30b 
corresponding to the first peripheral member 43 and the aecond 
peripheral member 43 of the susceptor 40. Outputs of the 
central heater member 30. and the peripheral heater member 

30b can be controlled independently. 

Next, by explaining th. oper.tion of the aingl. 

„,«r-f ed CVD app.r.tu. h.ving the above-described strueture. 

a method for forming a CVP film according to the one embodiment 
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of the present invention will be e=q.l.lned. 

Shown in Pi9.ll. the wafer 1 is transferred out. 

if the Xtation ar«. 35 an. the heating unit 2, are lowered 
to the Xo}^ iinit position h, the rotation shaft 34 and the 
support sha\t 26. the lower ends of the rotation-side pins 
,2 of the wafe\liftin, and lowering apparatus eo ahut against 
the bottom .»r\ce of the proc.ssin, chamber 11. i.e.. the 
upper surface ^ the bottom cap 1=. Therefore, the 
„t.tion-side rinVal is relatively lifted with respect to 
tne rotation drum \ the heating unit 27. The lifted 

, . rotaticn-side ring »l\ushes up the heater-side pins »5. and 
cHthereby pushing up \. heater-side ring Xf the 

Iheater-side ring is p\hed up. the three push-up portions 
», standing on the he.ter\ide ring 34 support the central 
member 41 of the susceptor \ from below, and float up the 
central member 41 from the fir^ peripheral member 42 and the 
second peripheral member 43. ^nce the central portion of 
the wafer 1 is pLced on the cent\al nemher 41. the wafer 1 

is floated up, 

„ Shown in Fig. 12. when the wafer lifting and lowering 
apparatus SO floats up the wafer 1 from the upper surface of 
the susceptor 40 . the insertion space is formed below the wafer 
X i.e.. between the lower surface of the wafer 1 and the upper 
surface of the susceptor 40. Therefore, a forK-iiKe t r 
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o. tn. wa.e. transfer apparatus i= mserte. .ato t.e 

>ii fork- lilce tweezer 

1 IS supported by the central member 41 . the f orlc 

. That is. the tweezer 2A does not 

2A shown m rig. 12 is used. That is. 

v.^,- dl of the central portion 
interfere with the central member 41 of th 

of the wafer 1. 

VkAiow tne 

Fia 2 the tweezer -iA iu»o^ 

As shown in Fxg.-^. 

\ ^ 1-ransfers and receives 

t.. « - -a " """" 

„ outer per.pnerax po\..u e. the Xower sur.ac, o. the ,a.er 
, The tweezer . wh.ch\ceivea the wa^er 1 move, the wafer 
.y>.rr, .n-out port .a Ar- a„a treo..er, the wa.er . out 

' ~ ^ Ai The wafer transfer apparatus 

from the processing ohamoer l\ . The waf 

.h.ch transf errea out the waf \. h, the tweezer transfers 
the wafer X to a preaeterm.ne. c.at.n, p.aos .not shown, 

A^^*. orocessing chamber 
such as a vacant wafer cassette out^de the pr 

the wafer transfer apparatus receives 
Thereafter, T-ne woj-^^ 

from a prCetermlneO acco«.odatln, pXace (not shown, such as 

4->,o wafer 1 from the wafer 
a wafer cassette, and transfers the wafer 

4. 16 to the processing chamber 11- The 
carry in- out port 16 to tne p 

wafer 1 to a position where a center 
tweezer 2A transfers the wafer i xo 
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41 a.ov. t»e centrex .e..er 41 of the suscptor 41. « the 

, . « t»„=.er«a the w..e. 1 to the p«aete».nea 

^r. is Slightly lowered and transfers 
position, the tweezer 2A is sixgm; y 

the wafer 1 to the central member 41. 

i-he wafer 1 which was Just 
Since a temperature of the water 

. ^ in is low if the wafer 1 is moved, a temperature 

transferred In is xow. xj- <- 

the central .e.ber 41 1. lo.ere«. " ehcn Fi,.15=. 

.H. heeter 30 not .Iv.ae. en. the « the suBc.ptor 40 

.e u„.«r.l, heete. entirely with the e,». output . the centre! 

„e»her 41 code, hy the wa.er l .owerea ae It Is ana heatea 

un^or^xy with the .Xr.t peripheral .e.her 4a ana the secona 

peripheral »e»her 43. Therefore, the central portion o. the 

„,,er 1 heco»e. lower In temperature than the peripheral 

portion o. the wafer 1 hy a temperature corresponaln, to the 

.oolea central «e.her 41. a.a the temperature aietrlhutlon 

rhe wafer 1 hecomee non-unlform. » a result, the fll» 

..ICnes. axstrlhutlon ana the film ,n."ty aistrihution of 

«e CV» film formea on the wafer 1 hecome non-uniform. 

in the preeent emOoaiment, as shown in Fig.lSB. when 

^ ill -!« lifted to receive the wafer 1, the 
the central member 41 is Ixftea t:o 

-^na of the divided heater 
output of the central heater member 30a of the a 

to heat the central member 41 to a higher 
30 Is Increased to neat me 

i-r>e central member 41 from 
temperature, thereby preventing the centr 
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being relatively cooled and preventing a temperature of the 
central member 41 from being lowered when the central member 
41 received the wafer 1. By preventing the temperature of 
the central member 41 from being lowered when the central 
member 41 received the wafer 1. as shown in Fig. ISA, after 
the central member 41 was lowered, even if the central member 
41 is heated uniformly with the first peripheral member 42 
and the second peripheral member 43 by the heater 30, the 
temperature distribution of the wafer 1 is uniform and thus, 
the film thickness distribution and the film quality 
distribution of the CVD film formed on the wafer 1 become 
uniform. 

The tweezer 2 which transferred the wafer 1 to the wafer 
lifting and lowering apparatus 50 in this manner goes out from 
the processing chamber 11 through the wafer carry in-out port 
16. When the tweezer 2 went out from the processing chamber 
11, the wafer carry in-out port 16 is closed by the gate valve 
17. 

AS Shown in Fig. 13, if the gate valve 17 is closed, the 
rotation drum 35 and the heating unit 27 are lifted by the 
rotation shaft 34 and the support shaft 26 with respect to 
the processing chamber 11. In the initial stage of the 
lifting operation of the rotation drum 35. the rotation-side 
pins 82 abut against the bottom surface of the processing 
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Chan,ber 11. I.e., th. uppe. surface of the bottom cep 15. and 
the heater-Side pins 8S la placed on the rotation-side riag 
81 . Therefore, th. central n,emher 41 supported by the push-up 
portion. .7 Of the rotation-side ring 81 is relatively 
gradually l.w.r.d ,1th respect to the rotation drum 3= a. the 
rotation drum 35 is lifted. 

When the rotation- side pins 82 are separated from the 

. ^x.^.^u^-r- 11. the oush-up 

bottom surface of the prooeB8*«» --• 

portions 67 are pulled below the susceptor 40. Therefore, 
as Shown in rig.l4. the central member 41 is fitted into the 
first peripheral member 42. In this state, the wafer 1 is 
completely moved on the susceptor 40. and the upper surface 
of the wafer 1. the upper surface of the first peripheral 
.ember 42 and the upper surface of the second peripheral member 
43 are flush with each other. 

The wafer 1 placed on the susceptor 40 is heated by the 
neater 30. and a temperature of the heater 30 and a temperature 
of the wafer 1 are measured by the thermocouples 33 . A heating 
amount of the heater 30 is f eedbacK controlled in accordance 
with the measured result of the thermocouples 33. Since the 
susceptor 40 is not formed with insertion holes through which 
the push-up portions 87 are inserted, the temperature 
distribution of the wafer 1 is uniform entirely irrespective 
of the existence of the wafer lifting and lowering apparatus 
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.0 Further, a. .e.crl^ed ...ove. when the =uscep«r « is 
recivefl. sine, th, central »e»ber 41 Is previously he.t... 
the te„pereture .istrihution o« the v,a.er 1 is uniform 
entirely although the centre! »..her 41 received the we.er 

The rotation drus. 3= and the heating unit 27 lifts the 
processing chaa.her 11 h, the rotation sha« 34 an. the support 
ehaft 26. end stops lifting the processing chamber 11 at the 
height at which the upper surface of the wafer 1 approach the 

^ »i«tB 22 The exhaust port 16 is 

lower surface of the plate zz. 

evacuated by the vacuum exhaust apparatus. 

sub.e,uently. the rotation drum 35 is rotated by the 
rotation shaft 34. At th.t ti.e. the rotation-side pins « 
are separated from the bottom surface of the processing 
chamber 11. and the heater-side pins »S are separated from 
the rotation-Side ring 81. Therefore, the rotation of the 
rotation drum 35 i. not hindered by the wafer lifting and 
lowering apparatus SO. and the stopped state of the heating 
unit 2, can b. maintained. That is. i» the wafer lifting and 
lowering apparatus .0. the rotation-side ring .1 states 
together with the rotation drum 35. and the heater-side ring 
.4 IS stopped together with the heating unit 27. 

,„,en the exhaust amo^t of the exhaust port 18 and the 
<^|)otation Of the rotationyum 35 are stabilised, the 
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proces3.n« 3 Is intrceuc.. into tne ,as intro.ucin, pcr» 
« The p.oc\..ng sa. 3 .ntrC.cea into the ..s int.oaucin, 
port. 2X «owa\to the ,ae reservoir « .V the exhaustin, 
£.roa the exha\ port 1. acting on the ,.s re.ervolr 24, 
^ en. disperse ra«a\ outwar.. an- .Xo,. «o. the h.owout 
y ports .3 o. the pl.t.\ suh.t.ntiail, nni.or«X.. a„. hlowa 
out iixe Shower towara thV^er X . The processing gas 3 hio.n 
„„t liX. .ho»er fro„ the hWut port. 23 is dra.n into the 
exhaust port 18 and exhausters. 

„ that ti»e. Since the wafer 1 on the eusoeptor 40 
supported hy the rotation aru„ 35 is rotating, the processing 
,e, 3 hxown out XiXe shower .ro» the hXowout ports 23 is hrought 
contact With the entire surface o. the X „nifor»X,. 

^ 4-v»*k uia-Par 1 and the upper 
Further, since the upper surface o£ the wafer 

.^rface of the outer side su.ceptor 40 are fXush with each 
other, the fXow of the processing gas 3 is prevented fro»heing 
disturhea ana is controXXea unifor-X,. Because the 
processing gas 3 is in contact with the entire surface of the 
..fer X unifor^xy. the fiX» thicxness aistrihution ana the 
f il„ ^aXit, aistrihution of the CVP f iX» f or»ea on the wafer 
X hy the processing gas 3 heco.es unif cm ovar the entire 

surface of the wafer 1. 

Further, since the hWlng unit 27 is supported hy the 

support shaft 26 and is \ot 




,t rotated, the temperature 
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„„« 2, «h\e being rotated by the rotation «un 35 1. 
controlled u\lfor„ly In tn. circumferential direction. 
Since tne eueoLor « le not fomed with the Insertion holes 
through Which th\push-up portions 8, are Inserted, and since 
the central -e^heV^l Is previously heated when receiving the 
Vr^usceptor 40. theUperatur. distribution the w.£er 1 is 

30 r \ . ^ — 1 . If the 

<<^''->Jcontrolled uniformly over tne en.... 

'^temperature of the w.kr 1 Is uniformly over the entire surface . 
... film thiccness Vl.trlbutlon and the film ^-^tV 
distribution Of the cv\fll« formed on the wafer 1 by the 
thermoche»lcal reaction^, controlled uniformly over the 

entire surface of the waf*^ 1. 
■ „nen the CVD film le formed uniformly over the entire 

eurface of the wafer 1 m the above-described manner and a 
predetermined processing time is elapsed, as shown in Flg-H. 
.he rotation drum 3= and the heating unit ,7 are lowered to 
the tranef er position by the rotation shaft 34 and the support 

« -i-Vi^ lowering movement, the 
shaft 2«. At the halfway stage of the lower g 

.otatlon-slde pin. of the wafer lifting and lowering 
apparatus 80 abut against the bottom surf ac. of the processing 
Chamber 11 and the heat.r-slde pin. »S abut against the 
„tatlo„-slde ring .1. Therefore, by the above-de.crlbed 
operation, the wafer lifting and lowering apparatus .0 floats 
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up the wa,« 1 « llft.n, tne central na..er .1 o. t.e susceptor 
40. 

™erea«er. repeating the a.cve-..scrl*e. 

operations. tH, CVD films are formed on the wafer. 1 by tne 
single wafer-fa« CVD apparatus 10 one by one. 

»s explained above, in the third embodiment also, the 
„f er 1 can be transferred to and from by the mechanical wafer 
t„„,f er apparatus . « rotating the susceptor 40 holding the 

< n„ aas 3 can be brought into contact wxth 
wafer 1, the processing gas 3 can oe 

the entire surface of the wafer 1 uniformly. Therefore, it 
possible to control the film thicHness distribution and 
the film quality distribution of the CVO film formed on the 
...er 1 by the processing gas 3. The susceptor 40 holding 
the wafer 1 is rotated and the heating unit .7 is stopped, 
sna therefore, it is possible to uniformly control, in the 
Oircumferential direction, the temperature distribution of 
the wafer 1 heated by the heating unit » while the wafer 1 
.s rotated b. the susceptor 40. Thus, the film thicKnes. 
distribution and the film guality distribution of the CVP film 
.ormed on the wafer 1 b, the th.rmochemical reaction can be 

. . ^ on*-ire surface of the wafer 1- 
controlled uniformly over the entire surra 

Since the heating unit 27 is not rotated, the heater 
30 and the thermocouples 33 can be disposed in the heating 
„„it 27. and electric wires for the heater 30 and the 
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..er.ocoup.es 3, can ees.l, Provia.d in tne .e.tin, unit 

2 7 

Since the «efer liftin, and lowering apparatus 60 for 
X.„in, ana lowering the wafer 1 ia di.Po"* - 
„. the suaceptor 40, it is possible to prevent the wafer 
lifting and lowering apparatus eo fro« projecting outside the 
station dru„ 35. and to prevent the volume of the processing 
ohamher 11 from being increased. 

Purther. since the susceptor 40 is not formed with the 
insertion holes through which the push-up portions .7 are 
inserted, the temperature distribution of the wafer 1 can he 
controlled uniformly over the entire wafer 1 irr.apective of 
the existence of the wafer lifting and lowering apparatus 80. 
«.en the susceptor 40 is received, since the central member 
„ 1. previously heated, the temperature distribution of the 
wafer 1 can be controlled uniformly over the entire wafer 1 
although the wafer 1 is received by the central member 41. 

Next, a fourth embodiment of the present invention will 
be explained with reference to Figs. 16 and 17. 

The fourth embodiment is different from the third 
embodiment in that the rotation-side ring 81 i. omitted in 
a wafer lifting and lowering apparatus ,0. and the rotation 
drum 35 is lifted and lowered with respect to the heating unit 
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That IS. shown in Figs. 16 and 17, the support shaft 
« supporting the heating unit 27 1= lifted and lowered with 
respeot to the processing chamber 11. and the support .ha« 
26 IB lifted and lowered Independently w"b respect to the 
rotation shaft 34 supporting the rotation drum 35 . A PUsh-up 
pm ,S project, vertically downwardly fro„ the lower surf.c. 
of a lifting and lowering ring M of the wafer lifting and 
lowering apparatus 90 . The push-up pln i» i""" ^ 
, guide hole « formed In the support pl.t. 2» of the heating 
unit and a lower end of the push-up pin 95 is opposed to 

the bottom surface of the rotation drum 35. I.e.. the upper 
surf.ce of the rotation plate 36 such that the lower end can 
abut against the bottom surface of the rotation drmn 35. i.e. . 
the upper surface of the rotation plate 36 . » push-up portion 
,7 projects from an upper surface of the lifting and lowering 
ring 94 . An upper end of the push-up portion 97 passes through 
the heater 30 and the susceptor 40 and is opposed to a lower 
surface of the central member 41 of the susceptor 40. That 
is. the push-up pin 95 and the push-up portion 97 do not 
interfere with the rotation drum 35 and the susceptor 40 when 
the rotation drum 35 rotates. 

AS shown in Fig. 16 Wen the wafer 1 is transferred in 
and out, the rotation drl 35 and the heating unit 27 are 
^^owered to the transfer pos\^on of the processing chamber 
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,X tne rot.tXon sha« 3. .na the support shaft .6. a„a the 
„„t.on A IS .o.e«. hy the rotatloh shaft 34 ..th 

respect t. the he\ti„. unit . « the rotation .r^ 3S -a. 
Xowere. w.th respe\t to the h.at.n« un.t the l.ft.n, ana 
.„„erih. r.„. » o Ah. wafer Xiftin, a»a Xoweriaa apparatus 

V 4. rotation drum 35. If the 

90 is lifted with reispect to the rotar 

heatin, ana lowering \in, i= l""a with respect to the 
.oration ar«« 35. the tV.re. push-up portions ,7 stanain^ on 
.he liftin, ana iowerin\rin, « support the central .e.h.r 
41 Of the susceptor 40 frU helo.. ana float up the central 
„e™her 41 frp. the first pLipheral .e^her 4. ana the secona 
peripheral .e»h.r 43 . Sinc\the central portion of the wafer 
X xs placea on the central »\»her 41. the wafer 1 is floatea 

up . X 

.s Shown in .i«.l.. — » V ""^»« 
apparatus ,0 floats up the „afe\l fro« the upper surface of 
.h. susceptor 40 . the insertion sp\c. is f or»ea h.low the wafer 
1 i.e.. between the lower surface ^ the wafer 1 ana the upper 
„.f.ce of the susceptor 40. ThereLr e . a for,c-liKe twee.er 
Of the wafer transfer apparatuses insert.a into the 
insertion space of the wafer X fro„ ^ wafer carry in-out 
port le . That is . liK. the ahove-»entio\.ea thira e™hoain.ent . 
the wafer 1 can he transf errea h, the „ech.y c.l wafer tr.naf er 
apparatus . 
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tne wMer 1 was transferred, as snow, in F«.17, 

..e rotation arX ^ " ""^ " 

..e rotation s.a«\ ana .ne support s»a« « «.tn respec 

„ processing cVe^ 

...tea tne rotat.o\a« 3, respect to t.e .eat.„ 

\^ was lifted with respect to 

unit 27. I£ the rotationWum 35 was 
\ -I 27 the cVtral member 41 supported by the 

\l Ithe heating unit 27, the co^ 

^^x^ ^-on 97 of the iVfting and lowering ring " 

/V^ push-up portaon 97 oc xn * 

V \ ^ -jc; and. the central 

*-« i-he rotation drum 35. ana xn« 
lowered with respect to the roi^ 

„.„.er is .ittea into t.e .iW peripnera. ^e^.er «• xn 

...s state, t.. wafer i is ^oveayto tne snsceptor « an 

..e upper surface of t.e wafer iUe upper surface of t.e 

..rst perip.eraX „e„.er « ana tne .ler surface of tne s.cona 

^ ^ A-i are flush with^ach other, 
peripheral member 43 are tJ-us 

,nere,f ter . li.e tne ..ove-»ention.a tn.ra e«noa.™ent . 
tne wafer i is rotatea tne rotation aru. 3S ana in tnis 

. „ processea un.for^X.. " tnat t.»e. tne Xiftin. a.a 

lifting ana lowering apparatus 
lowering ring 94 of tne wafer lifting 

,0 is stoppea together wit. t.e neatlng unit tne lower 
en. Of t,>e pusn-up pin » is separatea fro. «e notto. surface 
c. tne rotation aru„ 3.. a„a t.e upper ena of t.e pus.-up 
pcrtlon „ is separatea f ro„ tne lower surface of tne susceptor 
„ to permit the rotation of t.e rotation ar«» 35. 
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^r^^mTv over the entire 
th. CVD f ll™ W" """""•''^ ° 

^ . fl».ctlbea manner and a 
.„.cao..ne.a.«..n..ea.„«-J 

... 3. ana 

^4.^rttl bv the rotation shaft 34 a» 
..e transfer position hy ^^^^ ^^^^^^^ 

Shaft 2e, ana the rotation aru. 33 is X 

27 When the rotation drum 35 xs lo 
4.*,» heating unit 27. wnen 

27 toy the above-descrxu^- 
^r^t to the heating unit 27 . oy 
with respect to tn ^^^ratus 90 floats 

lifting and lowering apparatus 9 
operation, the wafer Ixfti ^ the susceptor 

the wafer 1 toy lifting the central .emher 4 

.ter toy repeating the atoove-descritoed 
Thereafter, oy «- 

«explalneaa.cva.acccr«n«t»t«« 

» th. affect of the third embodiment, there 
addition to the „„tion-.ide pine 

effect that the rotation-side rin, .i . t 

83 can be omitted, and the sua 
82 and the guide hole 83 can 

portion, can be reduced. 

xn the fourth embodiment . since the 

t„ 90 lifting and lowering the wafer 1 b, 
lowerlag apparatus , ^^^^ ^^^^^^^ 

lifting and lowering the rotatio ^^^^^ 
,y ,7 Therefore, as compared wit 

automatically lifted 

third embodiments in which the wafer 1 
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a .„ association «itn tne lifting lo«erln, 
an. lowore. in ^, ^^^^ 

„otlon o£ the rotation aru»> 3= and 

.aspeot to tne prooessln, c.a„.« 11. tne st.»ct«« o. t.. 

t.a suppo« ..a« « .ec„.es sXl,«X, -.pXicata.^ 

praaant Invention la not Xl»lt.. to the 
„.o.l..nts. an. It la o. con.sa pos.l.le to .a.a varlona 
:„ai.lo.tlons «lt.ont a.pattln, ..o„ tne .1st o. tne p.a„... 

«.pla. t^a te.pe„tn« aenao. la not Halted to 
..a tna.«oco„Pla.. an. another non-cont.ct t,pe te pe a 
aanaor -a, .a use., or the temperature sensor .av ha omltte. 

... sohstrate to he prooesae. Is not ll»lte. to th. ,a.er . 
an. the snhatrat. to he procassa. »a, he a ,1a.. s»h«rata 
pr„.noln. .CP <.l,nl. Crystal Plapl.,, 

..a present Invention can he appXle. not onX, to 
a.a,Xe .a.er-,e. ooX. waXX t,pe CV^ apparatus, hnt aXao to 
a aohstrat. proca.sln, appar.tua auoh a. a .rv-etchin. 

'''■t^pxalna. ahova. accor.ln, to the pres.nt Invention^ 
.a .echanlcax t.p. snhatrata transfer app.ratn ca h u 



w to be processed In and out 

for transferring the substrate to P 

te to be processed is processed, tne wafer 
When the substrate to be pro 

is 
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heated by the heating unit while r 
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„ .e processes »upp=.t.a — ^"'^^ 

co„..oXl». ... temperature e.s„..u«c„ on t.e su.s«ate to 
.e proce.se. un..or»Xy over t.e e„..re wa.er. T.ere.ore. t.. 
.„.s«.te to .e proces.e. can processe. un..or„». 

,.e entire «ecXo».r. o. .apaneee Patent application 
. ^»^r-nr.2A 2000 including specif ication. 
NO. 2000-84590 filed on March 24 , 20uu 

^ ^hstract are incorporated herein by 
claims, drawings and abstract 

reference in its entirety. 

molarv embodiments have been shown 
Although various exemplary emooa 

en. .oeor..e.. t.. invention .e no. .i..te. to tne e„.oai.e„te 
e.o.n. ...re.ore, t.e ecope o. t.e invention i= intenae. to 
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